have enlarged and hypercellular brain structures as well as general hyperplasia reflecting impaired withdrawal from the cell cycle in response to antimitogenic signals (Kiyokawa et al., 1996) . Hence, cyclin E and p27kip1 play antagonistic roles in the control of Cdk2 activity and promotion of S phase entry, and here we have explored the involvement of these genes in the regulation of the cell cycle in the germinal zones of areas 17 and 18.
The present study demonstrates important differences in both the duration of the G1 phase of the cell cycle and mode of division of precursors of areas 17 and 18. Can the observed shorter cell cycle of area 17 precursors lead to increased neuron production despite their lower rate of cell cycle exit? To investigate this issue, we modeled the observed differences in cell cycle parameters, and this shows that areal differences in these parameters lead to significantly higher rates of neuron production in area 17 compared to area 18.
Ex vivo experimental up-and downmodulation of cyclin E and p27 kip1 show that these two regulators of cell cycle progression-acting via the control of the G1/S transition-are involved in the observed areal variation in cell cycle kinetics.
The present study suggests that G1 phase regulation could have far-reaching consequences for cortical development 
Results
We have investigated corticogenesis specifically in relationship to cytoarchitecture. We have addressed five main issues using in vivo and ex vivo approaches: (1) the identity of the precursor pool of supragranular layers of areas 17 and 18; (2) the cell cycle parameters of the precursors of the supragranular layers of areas 17 and 18; (3) the differential expression in areas 17 and 18 of cell cycle regulators; (4) up-and downmodulation of the G1/S transition regulators on organotypic slices to confirm their role in modifying cell cycle parameters; (5) modeling of the observed areal differences in cell cycle parameters. hr) shows that, during the production of infragranular PCNA-positive cells that have incorporated BrdU after an 8 hr exposure. The LI indicates the proportions of precursors in S phase at the time of the BrdU pulse and therefore reflects the relative duration of S phase (Ts) with respect to the total duration of the cell cycle (Tc). LI values did not differ between the two sets of precursors at E62 ( Figure 3C) . However, at E78, area 17 precursors showed significantly higher LI values than area 18, indicating differences in cell cycle kinetics ( Figure 3D) .
Second, we investigated the in vivo duration of the individual phases of the cell cycle in precursors of the OSVZ in each area by combining S phase cumulative labeling technique (Nowakowski et al., 1989 ) and computation of the percentage of labeled mitosis (PLM) (Quastler and Sherman, 1959) . The cumulative S phase labeling procedure makes it possible to calculate Tc, Ts, and the combined duration of G1, G2, and M phases (Tg1 + g2/m) ( Figure 3E ). The proportion of cells labeled by 3H-thymidine (LI) was monitored at two points within the estimated duration of Tc (Kornack and Rakic, 1998). The LI values have been corrected with the GF values measured in the OSVZ of area 17 and area 18 at E78 by means of PCNA immunostaining (see Experimental Procedures). The cumulative 3H-thymidine labeling performed at E78 shows that the two sets of precursors have identical Ts (9 hr) and significant differences in the duration of Tg1 + g2/m (area 17, 27 hr; area 18, 37 hr) ( Figure 3F) .
Following a pulse injection of 3H-thymidine, the time interval required for 100% labeling of mitotic figures and 2D ), which has reached its maximum extent at these ages (Smart et al., 2002) . Examination in the newArea-Specific Levels of Expression of Cell Cycle Regulators born cortex of the autoradiographic labeling following a 3H-thymidine pulse at E78 shows large numbers of Next, we have analyzed the molecular correlate of the area-specific regulation of Tg1 in the OSVZ precursors. labeled neurons in layers 2/3 ( Figure 2C ). These results show that the OSVZ is the major site of production of We focused our analysis on cyclin E and p27 kip1 . In vivo, both p27
Kip1 and cyclin E are expressed by cortical preneurons destined for the supragranular layers.
cursors of the VZ and the OSVZ (Figures 4A and 4B Figure 3A) . At E78, compared to area 18, area 17 1994) ( Figure 4C ). In our first approach, we investigated cyclin E mRNA dissociated precursors show higher rates of proliferation, as indicated by a more rapid increase in cell denlevels in area 17 and area 18 germinal zones at E82. Transcriptional activation of cyclin E plays a significant sity (CD) ( Figure 3B analysis shows increased expression of cyclin E mRNA in within the cycling precursor pool. Further, cyclin E tissular expression could also be influenced by areal difarea 17 germinal zones compared to area 18 ( Figure 4D ).
As the abundance of p27 Kip1 -and also of cyclin Eferences in the proportion of precursors in late G1 and in G1/S transition (cf. above). In order to pin down areal is largely regulated by posttranslational mechanisms, in particular by proteolysis mediated by the ubiquitindifferences in the regulatory mechanisms that directly control cell cycle progression, it is therefore necessary proteasome pathway (Nakayama et 
Areal Differences in Frequency
Role of p27 Kip1 and Cyclin E in Modifying Rates of Cell Cycle Progression and Cell Cycle Reentry Revealed by of Cell Cycle Reentry We now need to address the frequency of cell cycle
Ex Vivo Upregulation and Downregulation Experiments
The above data suggest that differential expression reentry, which also influences rates of neuron production in the cerebral cortex (Rakic, 1973; Rakic, 1995) . levels of p27 Kip1 and cyclin E in areas 17 and 18 OSVZ could be responsible for the area-specific differences The G1 phase is divided into pre-and postrestriction point (R) components, and markers of the postrestricin cell cycle parameters of supragranular precursors. To directly assess p27 Kip1 and cyclin E gene function in tion G1 study in model area 17 precursors in order to obtain the increase the rates of neuron production that are comparable to those observed in area 17 ( Figure 7C were sampled, four measurements were made at each time point and for both conditions. This makes it possible to model the data. In fact, there is not a single overlap in the sample distributions.
H.K., unpublished data). It turns out that it is necessary variations of LI (G), GF (H), and CD (cell density [I]) in area

Conclusion and Perspectives
Experimental Procedures
Logistic regression shows that the visual area of origin generates a significantly different temporal evolution in the proliferation rate In Vivo Studies The siRNAs were purchased from Ambion, and the sequences were MAP2 Immunocytochemistry as follows: GGAAUAAGGAAGCGACCUGTT (sense) and CAGGCG MAP2 immunocytochemistry was performed as described else-CUUCCUUAUUCCTG (antisense) predesigned siRNA p27, and where (Dehay et al., 2001) .
GGAAAAGACAUACUUAAGGTT ( 
